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Abstract
We prove a generalization of the Brauer–Nesbitt theorem. We study the Robinson map and
relations between p-regular conjugacy classes and block idempotents with common defect group.
We characterize defect classes and those class sums whose images under the Brauer map are not
nilpotent.
 2003 Elsevier Inc. All rights reserved.
1. Introduction
Throughout this paper, G will always denote a finite group. Let (R,K,F ) be a
p-modular system, where R is a complete local discrete valuation ring with quotient field
K of characteristic zero and residue class field F of characteristic p. We assume that F and
K are splitting fields for all subgroups of G. Let ( )∗ :R → F denote the map that reduces
each element of R modulo J (R).
Let Bl(G), Bl(G|d), and Bl(G|D) be the set of p-blocks of G, the subset of blocks
of defect d , and the subset of blocks with defect group D, respectively. We denote by
cl(G0), cl(G0|d), and cl(G0|D) the set of p-regular conjugacy classes of G, the subset of
classes of defect d , and the subset of classes with defect group D, respectively. Moreover
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T. Breuer et al. / Journal of Algebra 279 (2004) 204–213 205cl(G|D) is the set of G-conjugacy classes with defect group D, dcl(G0|B) stands for
the set of defect classes of the block B , and dcl(G0|D) for the set of classes that are
defect classes of some block with defect group D. For B ∈ Bl(G), ω∗B :Z(FG)→ F is the
central homomorphism and e∗B is the central primitive idempotent of Z(FG) belonging
to B , respectively. We define β∗B(C) as usual, by the equation
e∗B =
∑
C∈cl(G0)
β∗B(C)Ĉ,
where Ĉ denotes the sum over C. Let ZD(FG) be the F -span of class sums Ĉ with defect
group conjugate to a subgroup of D. It is in fact an ideal in Z(FG), and it is the direct sum
of the two subspaces Z0D(FG) and Z
1
D(FG) that are spanned by {Ĉ | C ∈ cl(G|D)} and{Ĉ | C ∈ cl(G|E) for E <D}, respectively.
We define the Robinson map, as it is defined in [9, p. 91], by R :Z(FG) → Z(FG) with
R(x) =∑B∈Bl(G) ω∗B(x)e∗B . It is a projection from Z(FG) onto the F -space Id(Z(FG))
generated by centrally primitive idempotents in Z(FG) with kernel J (Z(FG)), giving the
vector space decomposition Z(FG) = Id(Z(FG))⊕ J (Z(FG)) (see [9, p. 98]).
Let K,L ∈ cl(G0), P ∈ Sylp(G), and ΩK,L = {(y, z) ∈ K ×L | Py = Pz}. It is known,
see, e.g., [9, Lemma 4.19], that
R
(
Lˆ
)= ∑
K∈cl(G0)
(|ΩK,L|/|K|)∗K̂ and (|ΩK,L|/|K|)∗ =
∑
B∈Bl(G)
ω∗B
(
Lˆ
)
β∗B(K).
In general |Bl(G|D)| |cl(G0|D)| holds, see, e.g., [11, Theorem A], [9, Theorem 4.20],
and [8, Corollary 9.5]. The smallest example where inequality occurs is the symmetric
group G = S3 for p = 3, where |Bl(G|1)| = 0 and |cl(G0|1)| = 1. On the other hand
|dcl(G0|D)| can be smaller than |Bl(G|D)| as we shall see in Example 3.12.
For classes and blocks of maximal defect the following result is well-known.
Theorem 1.1 (Brauer–Nesbitt, see [1,2]). If P ∈ Sylp(G) then |Bl(G|P)| = |cl(G0|P)|.
The main result of Section 2 is Theorem 2.1, which provides a generalization of and a
new proof for Theorem 1.1. We also mention that every p-regular class of maximal defect
is a defect class for the principal block. (For another kind of generalization of Theorem 1.1,
see [8, Corollary 9.10].)
We show that for p-nilpotent groups the equality of Theorem 1.1 holds for every p-
subgroup (see Proposition 2.4). Since DCG(D) is p-nilpotent for D ∈ Sylp(G), in this case
the assumptions of the second part of Theorem 2.1 are satisfied. By applying Theorem 2.1
and Proposition 2.4 we get new proofs of [5, Theorems 1, 2] (see Corollaries 2.5, 2.6
below).
In Section 3 we characterize defect classes and those classes C ∈ cl(G0|D) for which
BrD(Ĉ) is non-nilpotent, where BrD stands for the Brauer map.
Our proofs rely heavily on the machinery of the Robinson map and on [4, Proposi-
tion 3.1] (see Proposition 2.7 below) which relates the values of β∗B and ω∗B at a conjugacy
class and at the conjugacy class sum of the inverse elements, respectively.
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Theorem 2.1. Assume that D is a p-subgroup of G. Then
∣∣cl(G0|D)∣∣− ∣∣Bl(G|D)∣∣ ∣∣cl(DCG(D)0|D)∣∣− ∣∣Bl(DCG(D)|D)∣∣
holds. In particular
(i) if |Bl(DCG(D)|D)| = |cl(DCG(D)0|D)| then
∣∣Bl(G|D)∣∣= ∣∣cl(G0|D)∣∣= ∣∣dcl(G0|D)∣∣.
(ii) if DCG(D) is p-nilpotent then |Bl(DCG(D)|D)| = |cl(DCG(D)0|D)| hence
∣∣Bl(G|D)∣∣= ∣∣cl(G0|D)∣∣= ∣∣dcl(G0|D)∣∣.
In the following we shall need the following:
Lemma 2.2. If (|ΩL,L|/|L|)∗ is nonzero then L is a defect class of a block B . In particular
if R(Lˆ) = Lˆ then L is a defect class of some block B . Moreover if L ∈ cl(G0) and
L ⊆ Op′(G) then R(Lˆ) = Lˆ.
Proof. (|ΩL,L|/|L|)∗ =∑B∈Bl(G) ω∗B(Lˆ)β∗B(L). If this value is nonzero then
ω∗B
(
Lˆ
)
β∗B(L) = 0
holds for some block B , which means that L is a defect class of this block. If L ∈ cl(G0)
and L ⊆ Op′(G) then Lˆ belongs to FOp′(G)∩Z(FG) which is inside Id(Z(FG)). Hence
R(Lˆ) = Lˆ. 
Before proving Theorem 2.1 first we study p-nilpotent groups. We summarize the
essential facts, some of which are well-known, in the following proposition.
Proposition 2.3. The following are equivalent:
(i) G is p-nilpotent.
(ii) The subalgebra of FG generated by p-regular elements is semisimple.
(iii) R(Lˆ) = Lˆ holds for every p-regular conjugacy class L.
(iv) The number of p-blocks equals the number of p-regular conjugacy classes.
Proof. (i) → (ii). If G is p-nilpotent then G = Op′(G)P . Hence the subalgebra generated
by p-regular elements is FOp′(G), which is semisimple.
(ii) → (iii). Let the subalgebra FGp′ of FG generated by p-regular elements
be semisimple. It contains Id(Z(FG)). Since Z(FG) = Id(Z(FG)) ⊕ J (Z(FG)),
Id(Z(FG)) = FGp′ ∩ Z(FG), and hence L ∈ cl(G0|D) implies R(Lˆ) = Lˆ.
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since Z(FG) = Id(Z(FG)) ⊕ J (Z(FG)), Lˆ belongs to the subspace Id(Z(FG)). Thus
Id(Z(FG)) is the same as the subspace generated by p-regular conjugacy class sums, and
their common dimension is the number of irreducible Brauer characters, which in this case
coincides with the number of p-blocks.
(iv) → (i). If the number of p-blocks is the same as the number of p-regular conjugacy
classes then each block contains a unique irreducible Brauer character. It is well-known,
see, e.g., [10, Chapter 5, Theorem 8.3], that in this case G is p-nilpotent. 
The following proposition is an improvement of [5, La. 1]:
Proposition 2.4. G is p-nilpotent if and only if for every p-subgroup D G, |cl(G0|D)| =
|Bl(G|D)| holds. In this case these numbers are also equal to |dcl(G0|D)|.
Proof. Assume that G is p-nilpotent. Then by Proposition 2.3, |Bl(G)| = |cl(G0)|. Since
|Bl(G|D)|  |cl(G0|D)| holds for every p-subgroup D, and summing up both sides we
get equality, there is equality for each particular D. On the other hand if |cl(G0|D)| =
|Bl(G|D)| for every p-subgroup D  G, then summing up both sides, we get that
|Bl(G)| = |cl(G0)|, which implies by Proposition 2.3 that G is p-nilpotent. By Lemma 2.2
we get that cl(G0|D) = dcl(G0|D) also holds. 
The following results are slight improvements of [5, Theorems 1, 2]. These follow
from Theorem 2.1 and Proposition 2.4 since in these cases DCG(D) is p-nilpotent. We
remark that DCG(D) is p-nilpotent if and only if DCG(D)/D is and in our case for the
factor group one can apply [3, Theorem 7.6.1]:
Corollary 2.5. Let p be the smallest prime divisor of the order of the group G and let
P ∈ Sylp(G) with |P | = pa . Let D  G of order pa−1. Then |Bl(G|D)| = |cl(G0|D)| =
|dcl(G0|D)|.
Corollary 2.6. Let G be a group of odd order, let p be the smallest prime divisor
of |G|. Let P ∈ Sylp(G) with |P | = pa . Let D be a subgroup of G of order pa−2. Then
|Bl(G|D)| = |cl(G0|D)| = |dcl(G|D)|.
The following result of R. Gow and J. Murray will be used several times in this paper:
Proposition 2.7 [4, Proposition 3.1]. If B ∈ Bl(G|D) and K ∈ cl(G0|D) then β∗B(K) =
(dim(B)/(|G||K|))∗ω∗B(K̂), where K denotes the class of inverses of elements of K and
the scalar (dim(B)/(|G||K|))∗ is not zero.
With the help of this we get a refinement of Theorem 1.1:
Remark 2.8. Let P ∈ Sylp(G) and B0 be the principal block of G. Then |dcl(G0|B0)| =
|dcl(G0|P)| = |cl(G0|P)| = |Bl(G|P)|. Thus every p-regular class of maximal defect is
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property, see Example 2.9.
Proof. Let C ∈ cl(G0|P), where P ∈ Sylp(G). Then ω∗B0(Ĉ) = ω∗B0(Ĉ) = |C|∗ = 0, hence
by Proposition 2.7, β∗B0(C) = 0 also holds. Thus every class of maximal defect is a defect
class for the principal block. 
Example 2.9. Let G be a non-abelian p′-group. Then all characters have defect zero and
every conjugacy class and block is of maximal defect. According to a result of Burnside,
see, e.g., [6, p. 40], every nonlinear irreducible character vanishes on some element. Thus
there is a block of maximal defect such that not every p-regular class of maximal defect is
a defect class for this block.
In order to prove Theorem 2.1, we use the following lemmas.
Lemma 2.10. For any p-subgroup D of G, |dcl(G0|D)| = |dcl(NG(D)0|D)| holds. The
bijection between cl(G0|D) and cl(NG(D)0|D) given by K 	→ K ∩ CG(D) induces a
bijection between defect classes as well.
Proof. The proof of [9, Lemma 4.16] shows that K 	→ k = K ∩ CG(D) defines a
bijection between cl(G0|D) and cl(NG(D)0|D). Let BrD: Z(FG) → Z(FNG(D)) be
the corresponding Brauer homomorphism. If B ∈ Bl(G|D) with defect class K then
0 = ω∗B(K̂) = ω∗b ◦ BrD(K̂) = ω∗b(kˆ) for some block b of NG(D). Since BrD(e∗B) = e∗b
and e∗B =
∑
K∈Cl(G0) β∗B(K)K̂ , we have e∗b =
∑
K∈cl(G0) β∗B(K)kˆ. Thus the coefficients of
K̂ and kˆ in e∗B and e∗b , respectively, are the same. Hence K ∈ dcl(G0|D) if and only if
K ∩CG(D) ∈ dcl(G0|D). 
Lemma 2.11. Let D be a normal p-subgroup of G. Then |cl(G0|D)| − |Bl(G|D)|
= dim(Z0D(FG) ∩ FGp′ ∩ J (Z(FG))). In particular, if |cl(G0|D)| = |Bl(G|D)| then
cl(G0|D) = dcl(G0|D). The last assertion also holds without D being normal.
Proof. Since D is normal in G, each idempotent e∗B , for B ∈ Bl(G|D), is a linear
combination of class sums Ĉ, where C ∈ cl(G0|D) (see [10, Chapter 5, La. 2.13]), so
Z0D(FG)∩FGp′ contains
⊕
B∈Bl(G|D) Fe∗B , and |cl(G0|D)|− |Bl(G|D)| is the dimension
of the kernel of the restriction of the Robinson map of Z(FG) to Z0D(FG)∩FGp′ , which
is Z0D(FG)∩FGp′ ∩ J (Z(FG)).
If this difference is zero then the restriction of the Robinson map to Z0D(G) ∩ FGp′ is
the identity, thus Lemma 2.2 implies cl(G0|D) = dcl(G0|D). By Lemma 2.10, this equality
holds also if D is not normal. 
The following example shows that cl(G0|D) = dcl(G0|D) does not imply that
|Bl(G|D)| = |cl(G0|D)|.
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defect group for the prime p = 3, the class of elements of order 2 and the two classes of
elements of order 5. These are all defect classes. However there are only two blocks of
defect zero. Hence dcl(G0|1)= cl(G0|1) and |Bl(G|1)| < |cl(G0|1)|.
Now we prove Theorem 2.1.
Proof. Using Lemma 2.10 and Brauer’s First Main Theorem, we may assume that D is
normal in G. Let H = DCG(D). We claim that Z0D(FG) is a subspace of Z0D(FH). This
is because each K ∈ cl(G0|D) intersects H nontrivially, and by the normality of D in G, K
is a union of conjugacy classes of H . Now observe that Z0D(FG)∩ FGp′ ∩ J (Z(FG)) ⊆
Z0D(FH)∩FGp′ ∩J (Z(FG)) ⊆ Z0D(FH)∩FHp′ ∩J (Z(FH)) holds, and Lemma 2.11
yields 0 |cl(G0|D)| − |Bl(G|D)| |cl(H 0|D)| − |Bl(H |D)|, and in the case of equality
also cl(G0|D) = dcl(G0|D). 
3. Conjugacy classes and block idempotents
First we list some properties of the Robinson map.
Lemma 3.1. Let K,L ∈ cl(G0|d). If the coefficient of Lˆ is nonzero in the decomposition
of R(K̂) then the coefficient of K̂ is nonzero in the decomposition of R(Lˆ). In particular
R(Lˆ) = 0.
Proof. Since |ΩK,L| = |ΩL,K | by definition, and |K|p = |L|p , the statement follows. 
Lemma 3.2. Let D G and let B ∈ Bl(G|D). If Lˆ is a constituent of e∗B then R(Lˆ) = 0. In
particular ω∗
B
(Lˆ) = 0, where B is the complex conjugate of the block B .
Proof. This is an easy consequence of Proposition 2.7 
The following example shows that it is not true in general that if the coefficient of the
conjugacy class sum Lˆ in R(K̂) is nonzero then the coefficient of K̂ in R(Lˆ) is nonzero.
Example 3.3. Let G = A7, the alternating group on seven points, p = 2, and let B be
the unique nonprincipal block. Take K the class of three-cycles in G, whose defect group
is of order 4, and which is a defect class of B , and take L the class of five-cycles. Then
e∗B = K̂ + Lˆ and R(Lˆ) = 0. We have |K| = 70 and |L| = 504, so |ΩK,L|/|K| = 76/35 ≡ 0
(mod 2), and |ΩK,L|/|L| = 19/63 ≡ 1 (mod 2).
Remark 3.4. Example 3.3 also shows that Lemma 3.2 is not true in general if D is not
normal.
Now we investigate the relation between conjugacy class sums K̂ and block idempotents
e∗ with given defect group D.B
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defect group of some component of e∗BK̂ is equal to D. Moreover, if D is normal in G then
e∗BK̂ = ω∗B(K̂)e∗B .
Proof. As in [10, Chapter 5, Theorem 11.6], let U = ⊕C∈cl(G0) RĈ, choose a block
partition {ΛB | B ∈ Bl(G)} of cl(G0), with ΛB ⊆ cl(G0) such that {eBĈ | C ∈ ΛB} is
a basis of eBU , and let C1 be the unique class in ΛB that has defect group D. We have that
ω∗B(Ĉ1) = 0 since ω∗B(e∗BU) = 0. So there is a λ ∈ R such that eBK̂ − λeBĈ1 is a linear
combination of sums of classes whose defect groups are strictly contained in D. The latter
class sums are mapped to zero by ω∗B , hence we get
ω∗B
(
K̂
)= ω∗B
(
eBK̂
)= λ∗ω∗B
(
eBĈ1
)= λ∗ω∗B
(
Ĉ1
)
,
and the first claim follows from the fact that ω∗B(Ĉ1) is nonzero.
If D is normal in G then Z0D(FG) is an algebra, and e
∗
B ∈ Z0D(FG), so e∗BK̂ ∈
Z0D(FG) ∩ e∗BU∗ = Fe∗BĈ1. Since eB ∈ eBU , also e∗B ∈ Fe∗BĈ1 holds, and we get
e∗BK̂ = λ′e∗B , for some λ′ ∈ F ; now the second claim follows from applying ω∗B to this
equality. 
We can distinguish four types of conjugacy class sums K̂:
(1) K̂ is nilpotent,
(2) K̂ is not nilpotent and BrD(K̂) is nilpotent,
(3) BrD(K̂) is not nilpotent and K is a defect class of some p-block,
(4) BrD(K̂) is not nilpotent and K is not a defect class of any p-block.
Remark 3.6. By Lemma 2.10, every defect class belongs to type (3). In Example 3.12 we
will show that classes belonging to type (4) really occur.
If K̂ is nilpotent then obviously so is BrD(K̂). The next example shows that it might
happen that a conjugacy class sum is not nilpotent, however its image under the Brauer
homomorphism is nilpotent. We use the fact that the Robinson map and the Brauer
homomorphism are interchangeable, see [7, (62), p. 437].
Example 3.7. Let G = S6, the symmetric group on six points, p = 3, and let L be the class
of transpositions. Its defect group D is of order 3. Then R(Lˆ) = K̂ , where K is the class
of four-cycles. The class K is of defect zero. Hence R(BrD(Lˆ)) = 0.
The next theorem characterizes those classes which fall into the categories (3) or (4).
Theorem 3.8. Let K ∈ cl(G0|D). Then the following are equivalent:
(i) BrD(K̂) is non-nilpotent.
(ii) β∗B(K̂) = 0 for some B ∈ Bl(G|D).
(iii) ω∗ (K̂) = 0 for some B ∈ Bl(G|D).B
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and only if K̂ is, i.e., R(K̂) = 0. This is equivalent to the condition that ω∗B(K̂) = 0 for all
B ∈ Bl(G|D), which proves the equivalence of (i) and (iii). (Note that if D is normal then
R(K̂) lies in the F -space generated by block idempotents e∗B for B ∈ Bl(G|D).)
Suppose R(K̂) = 0. Then there is L ∈ cl(G|D) such that Lˆ occurs in R(K̂). By
Lemma 3.1, K̂ occurs in R(Lˆ), so K̂ occurs in e∗B for some B ∈ Bl(G|D). Hence (i)
implies (ii). The converse implication is just the statement of Lemma 3.2.
Now let D be not normal and let k = K ∩ CG(D), and let b ∈ Bl(NG(D)|D) be
the Brauer correspondent of B ∈ Bl(G|D). Thus BrD(K̂) = kˆ, ω∗B(K̂) = ω∗b(kˆ), and
β∗B(K) = β∗b (k) (cf. the proof of Lemma 2.10). So by the first part of the proof, R(kˆ) = 0
if and only if ω∗B(K̂) = 0 for some B ∈ Bl(G|D) and β∗B(K) = 0 for some B ∈ Bl(G|D),
respectively. 
Remark 3.9. Proposition 2.7 gives another proof for the equivalence of (ii) and (iii) in
Theorem 3.8 and also gives that the blocks of (ii) and (iii) can be chosen as complex
conjugate blocks.
Remark 3.10 [8, Corollary 9.5]. states that |Bl(G|D)| is at most the number of non-
nilpotent classes in cl(G0|D). For normal D, this inequality follows from Theorem 3.8
and the fact that in this case e∗B =
∑
K∈cl(G0|D) β∗B(K)K̂ for B ∈ Bl(G|D) holds. Using
Brauer’s First Main Theorem, we can in general replace this upper bound by the number
of C ∈ cl(G0|D) such that BrD(Ĉ) is not nilpotent.
For defect zero, it is easy to detect defect classes. This can also be considered as a
consequence of Proposition 2.7:
Lemma 3.11. Let C ∈ cl(G0|1) and B ∈ Bl(G|1) with x ∈ C and Irr(B) = {χ}. Then the
following hold.
(i) ω∗B(Ĉ) = 0 if and only if χ(x)∗ = 0,
(ii) β∗B(C) = 0 if and only if χ(x)∗ = 0,
(iii) C is a defect class of B if and only if (|χ(x)|2)∗ = 0.
With the help of Lemma 3.11 we can now show that the conditions of Theorem 3.8
do not guarantee that K is a defect class of a block B . This example also shows
that |dcl(G0|D)| < |Bl(G|D)| can occur, which implies that there is a mistake in [6,
Problem (15.6)].
Example 3.12. Let G = U3(3), the simple group of order 6048, and p = 2. There are two
defect zero blocks and three defect zero conjugacy classes. The conjugacy class of element
order 3 and centralizer order 9 is the only defect class of the two blocks, whereas the
two self-centralizing classes of element order 7 are not defect classes of any block of G.
However, the conditions of Theorem 3.8 are satisfied for the two classes of element order 7,
since the mutually complex conjugate irreducible defect zero characters take the irrational
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√−7) and its complex conjugate b¯ on these classes, and (b · b¯)∗ = 2∗ = 0
and (b + b¯)∗ = 1∗ = 0. So exactly one of b∗, b¯∗ is nonzero.
Since Z(FG) = Id(Z(FG)) ⊕ J (Z(FG)) as an F -vector space, every class sum K̂
can be written as a linear combination of block idempotents and a nilpotent element. If the
coefficient ω∗B(K̂) of a block idempotent e∗B is nonzero in this decomposition, we say that
e∗B occurs in K̂ .
We also can deduce from Proposition 2.7 the following partial generalization of
Theorem 3.8:
Proposition 3.13.
(i) A block idempotent e∗B with defect group D occurs in exactly k sums of p-regular
classes with defect group D if and only if exactly k sums of classes with defect group
D occur in e∗B .
(ii) A sum K̂ of a class with defect group D occurs in exactly k block idempotents with
defect group D if and only if exactly k block idempotents with defect group D occur
in K̂ .
Proof. We may assume that D is normal by Brauer’s First Main Theorem and by
Lemma 2.10. Let B denote the complex conjugate of the block B , and K the class of
inverses of the elements in the class K like above. By Proposition 2.7, for a block B ∈
Bl(G|D) we have ω∗B(K) = 0 if and only if β∗B(K) = β∗B(K) = 0, so mapping each class
to the class of its inverses defines a bijection between {K ∈ cl(G0|D) | β∗B(K) = 0} and
{K ∈ cl(G0|D) | ω∗B(K) = 0}, and mapping each block to its complex conjugate defines a
bijection between {B ∈ Bl(G|D) | β∗B(K) = 0} and {B ∈ Bl(G|D) | ω∗B(K) = 0}. 
Now we characterize defect classes with the help of the Robinson map. Here we will
again use Proposition 2.7:
Proposition 3.14. Let K ∈ cl(G0|D) then K is a defect class if and only if
R
(
BrD
(
K̂
))
R
(
BrD
(
K̂
)) = 0.
Hence K is a defect class if and only if BrD(K̂)BrD(K̂) is not nilpotent.
Proof. We may assume that D is normal, for the Brauer map takes defect classes to defect
classes. In this case
R
(
K̂
)= ∑
B∈Bl(G|D)
ω∗B
(
K̂
)
e∗B, R
(
K̂
)= ∑
B∈Bl(G|D)
ω∗B
(
K̂
)
e∗B,
R
(
K̂
)
R
(
K̂
)= ∑ (∣∣ωB(K̂)∣∣2)∗e∗B,B∈Bl(G|D)
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this means that K is a defect class of the block B . 
Corollary 3.15. Let K ∈ cl(G0|D), B ∈ Bl(G|D), let K be the class of inverse elements
of K , B is the block of complex conjugate characters of B . Then
(i) K is a defect class of B if and only if e∗B occurs both in K̂ and in K̂ .
(ii) K is a defect class of B if and only if both K̂ and K̂ occur in e∗B .
(iii) K is a defect class of B if and only if K is a defect class of B .
(iv) K is a defect class of B if and only if K̂ occurs both in e∗B and e∗B .
(v) K is a defect class of B if and only if e∗B and e∗B both occur in K̂ .
(vi) K is a defect class of B if and only if it is a defect class of B .
Acknowledgments
The research was partially supported by Hungarian National Science Foundation
Research Grants No. T034878 and No. T042481, and by the German–Hungarian exchange
project D-4/99, in the framework of which the authors had many fruitful discussions both
in Jena and in Budapest with Prof. Burkhard Külshammer.
References
[1] R. Brauer, C. Nesbitt, On Modular Representations of Finite Groups, in: Univ. of Toronto Stud., Math. Ser.,
vol. 4, 1937.
[2] C.W. Curtis, I. Reiner, Representation Theory of Finite Groups and Associative Algebras, Interscience
Publishers, New York, 1962.
[3] D. Gorenstein, Finite Groups, Chelsea, New York, 1980.
[4] R. Gow, J. Murray, Real 2-regular classes and 2-blocks, J. Algebra 230 (2000) 455–473.
[5] R. Gow, A note on p-blocks of a finite group, J. London Math. Soc. (2) 18 (1) (1978) 61–64.
[6] I.M. Isaacs, Character Theory of Finite Groups, in: Pure Appl. Math., vol. 69, Academic Press, New York,
1976, pp. xii–303, ISBN 0-12-374550-0.
[7] B. Külshammer, Group-theoretical descriptions of ring-theoretical invariants of group algebras, in:
G.O. Michler, C.R. Ringel (Eds.), Representation Theory of Finite Groups and Finite-Dimensional Algebras,
in: Progr. Math., vol. 95, Birkhäuser, Basel, 1991, pp. 425–442.
[8] G.O. Michler, Blocks and centers of group algebras, in: Lectures on Rings and Modules, Tulane University
Ring and Operator Theory Year, 1970–1971, in: Lecture Notes in Math., vol. 246, Springer, Berlin–
Heidelberg–New York, 1972, pp. 430–563.
[9] G. Navarro, Characters and Blocks of Finite Groups, in: London Math. Soc. Lecture Note Ser., vol. 250,
Cambridge Univ. Press, Cambridge, 1998.
[10] H. Nagao, Y. Tsushima, Representations of Finite Groups, Academic Press, New York, 1988.
[11] G.R. Robinson, The number of blocks with a given defect group, J. Algebra 84 (1983) 493–502.
